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(57) Abstract 

An RNA polymerase comprising a wild type RNA polymerase with at least one amino acid modified so as to have a higher ability of 
incorporating 3'-deoxyribonucleotide or a derivative thereof than that of the corresponding wild type RNA polymerase. Specifically, for 
example, an RNA polymerase comprising a wild type RNA polymerase wherein at least one amino acid present in the nucleotide bonding 
site, for example, phenylalanine, is substituted by tyrosine. The RNA polymerase has little or no bias of incorporation between 
ribonucleotide and 3'-deoxyribonucleotide, between ribonucleotides having different bases, and between deoxyribonucleotides having 
different bases. 
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mmm- 

RN A3#y ^ 

m m ft if 

*mwiz. DNA <7)&SIfi?lJ^£r£^^Wffl&^MM RNA 

- if m -r 5 o 

HP 3: % ffr 

'■K!)^7- ifiS^SJ^ (PCR) & f£ M ;h> /t ^ 9 , flJ 

ffl # j£ j&S o T 5 [ Randal 1 K. Saikietal. ( 1 988) Sc i ence 239, 

487-491] Q PCR mX'lt. 1 ft ^ (D DNA »r Jt £ i£ *I i~ 5 Zl £ *T t£ T 
*> S o PCR m -C it fg L tc ± fi£ 4^ £ * o - = > >f -T -5 ~ £ & < f - ^ 

x^^ts^s (^^r h ■ v-^xy^fe) W ffl # ft *> 

5 [Corinne Wong et al. (1988) Nature, 330 , 384-386] 0 Z (D 
li^ ^ 7' ? V — * (D =7 4 =7 V — (D x ? V — =z ^ y & if ^ 

*> «9 , # < o -f- >- >v <d id ?y tt m % m b# tc # b tt ^ ifiit & & t* 

•5 o 

U ^" K 5 ' — h (2' dNTPs) *S R ^ ^ 

!£ * i£ T , m^S^t57°7^-7-^ 2' dNTPsli, ~ 
^ *<Dm^P CR4fi)c#l^^i4t5^1^fco/c 0 P C 
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^ * y — >\s tt m & > ? >\» m i® , HPLcus^fcs c #j 

X. fi\ Dorit R. L et al. (1991) Current Protocols in Molecular 
Biology, Vol. 11, John Wiley and Sons, New York, 15. 2. 1-15. 2. 11 

2o@£OPIilj:, PCR ^fiJc^COifiiS^ff £ (renaturation) ~C 

h i©F B 1©7^-U > r £ J* tf S o ft ± & * /h PS "T 5 tz. &b (D u m 
t L X . m 7L « ^ 14 t£ (D & ft , i o (D 7° 7 >T — tr * ^ i- — v- a 

> (biotilation) £: ^ h U YT fcT v> V |£ IS ^ ^ GO P C R J5£ ^ CD 

^$^TV^5 0 F'J X. IS\ Barbara Bachmann ^ „ 1990, Nucleic Acid 
Res. , 18, 1309- id HI ^ £ *X T V ^ 5 0 L^L, ^ *L *b ^ & <7) #f 
t-i , ft ^ B# r B 1 £- & ^ £ lY # ^' ic ffi ® X & 5 o 

^ ^X^frb&ffifc^ ZfcbbcDffi & b LX ,*mW&te. PCR 

^t->F5' M7^77x-h (2* dNTPs) 

iD, 3£t£gffc£^<frfc>3fe^-C&i^ < 0f L V ^ DNA <D i£ S Id ?ij & 
JEJjfe&tg^L.tl [W096/ 14434] 0 r <D X & , T7 RNA /t? y 
if % (D RNA ?K y ^ 7 - if £ R N A 15 ^ S J£ CO ? — 5 * — ^ — ( #ij x. 
«\ 3 ' ^ ^ ^ y # ^ ^ U ^ v- K 5 ' Fy7t^7 I -F 1 3' 
dNTPs) 5:ffl^5^>f Ffe?->-^xy7Stfc5 0 r» 
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FU7i77x-h (2' dNTPs) £ l& £ "f -5 ^ & L (CI ^ <D 
t*i/-^xi/^|;f n»#5 B $ <b i3l , S *t :b & ^ 

fc*6, p c r ^.f&mfa&m iz.ft$L-t % mm *> -e# , mtbxmn 

, J; «9 IE fifi ft i£ £ IB yij 5* r — * & f# 5 7c it) (e: « , $ b- ft? 8t -f # 

± f£ ±£ & Id £ ?£ *5 T , T7 RNA !J ^ v \? CD RNA tit 

V * 7 — iftt, ATP , GTP , CTP Rt/ UTP X tl b <7> W§ ^ ffc fa 
b/i5U#^^t->K5' M 7^-^7x- hitt>*^3 ' dATP, 
3' dGTP, 3' dCTP, 3' dUTP ifc V Mi *L h <D W§ ffc fa h & 5 '> & 
< i: 1 « <Z> 3 ' ^^^r^y^^^l/^-^K^^^^^PT'S/S^-ti: 

s c g*M<7>ia?ij (-^^ l rt^g^^i- 5 y 

* ^ ^ K^i/ft^f -> y ^? ^ u- ^- ^ k a* , y # * * u ^- ^ ksb 
^ij f ii 2fe & o & * n s r t -c , ^ y yjK^^uai-^K^^fig^^ 

\s =f- K *? ^ <D m m f£ it . ± SB Id ?iJ J- 8i <9 & * *l Jd < t , 
£ ib M , y zj? ^ u ^- ^ k <7) & XI 3 ' --^ ^ ^ ~> y # ^ ^ u ^- ^ K 
©^Tt^tif HtS^tii-J: 9 , IB — <7) ^ 19 iA ^ y^ (d ^ ^ 
fc§:H^JILfc 0 i #51^ utf 3 ' -r * is 
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V # $ \sir=}- K £ © M U (c: H % 5 ^ S % ft i~ Z> V ^ u 

K m R X* m ft 5 £[ £ & ^ i~ 5 7 s * y u ^- ^ K ^1 T 60 s< 

/tA'li/^y + iSfcofc!) Lt, IE ffli — * 3i ^ ^ t=- — # % % 

K©I|i:J:5/q7^^'>/i^^, §fcVMi^< ftV' 1 RNA tf? y ^ 7 
— -tf SrS^i" 5 n t 5 „ 

:£«SfSfe£:ffl^<5o ^^C c fi>iaiT< 57 ^ yg£tf>^ aiftofc fete 12^-^5 £ , 
^^—/l^T^-^CFK ^cr^XYK ^nyy(p), a^v-^(L), t^^^V(H) 

t**>So ,-tfy ^ 7— -tfsaero n *SBa»btf>#-^-&fEU 0tfx.fi F667 £ 

V 5 <fc "5 {d^i~o rttfi, rtf>/K y ^ ^— tf CO 667 #g <7)7 5 f Tfo 
5 n £5r^U F667Y<Diai^tt, 667 f S©7 5 J &3e£ F^Y (^Ki&^-frfc 

<t^^>-C, DNA U ^ 7-f (co^t t), % is ?>r ^ ¥ (D 

Et«9i£3>.(£>£IS$rA¥?NLfcg£SM<75 DNA ?K!J * =7 — -£ # *g t> *i T V ^ 
5 C#[j^¥8-205874^-, Proc. Natl. Acid. Sci. USA, 92:6339- 
6345, 1995) ] e 

^-i-tt, T7 DNA /Ky p< 7— if*fflv^>>— ^^^^Rj&idfeftS^^ u 
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as£3*ttt ltv^s o r ^lE^sti/o^So $ £>tc, rcogfUir^coftiicD dna 

■Cl/>5 0 BP^,T7DNA #y 7— if© Y(^-p->^)526 ^\ 2-dNTP £ 2', 3 * -ddNTP 
6D$i 9 iA^$J^<7V<-f 7^^'>/i^iBTiJ)5c Mi-, TCJli® DNA >J?y ^ 7 — if 
I O F(7x^77 ~^)762, &T/Thermus aquaticus DNA ztf V ^ ^— if (Taq DNA 
/KU ^ 7 — if <t— JKtifiPftftLTl^S) ©F(7i =-Jl^T "7 — >0-667 T7 DNA 
/KU ^ 7 -if© Y526 ©t@P&T ^ytaSt'fc^ rcOT 5 /^M^^*, 
F762Y n i-0 *3 «fc !>• F667Y n > » $ it 5 r t "Cffil 9 T * 

£ibi-, ^©J: 9/^ DNA Tjf y ^ ^ — iftiHIi-S^— ^ICS-O'VNT, T7 RNA 
^ 7— ift^oV^Tt, DNA tKU * 7— t?"C^iafe$nT^S®4fii:ffi|Rl^®Jgc, 
BP *>g|£ 631-640 td*f-rs^fi(|i»i dNTP S^r«i|#Stt Sr^fc $^5T'fe5 

L 5 f- , RNA jKU ^ 7-^llo^TI±, r tb * T~ — 7 ^ ^ 7^ 
iztiZ f& & ti 5 ^ k & ft < „ y : * 7 u ^- ^ K © ^ K) iA ^ n ^ 

© n £ & tfS , #t <9 iA H g £ ftf jft L £ M © RNA sK y ^ 7 

— if tt^D f,iiT^4:^o fee fl^H, _bfB4#0H¥ 8-205874-S§- 

£ibl^ T7 RNA^^7—€ror©®iSli, Protein Engineering, 3:461- 
467, 1990 (CTF^tLTV^^e^- — 7 B ^CO, DNA # V ^ 7 — if CO a I 1^I>' 

DNA #c#t£ RNA tKU ^ 7— if (T7RNA stf y * 7— if tt^ ©tf C^i^^S) 
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— if(7)T 5 ;ijSl7 6 2 #>5V^iT a q DNA # y ^ 7-f©7 5 /g£$l£6 6 
7<7>F (7i=/U7 7 = ». It I M^^^T^S DNA #V * if£)#< 
iZ$&m£tlZ)o L^Sfd. f^fcril^ DNA 4<y * 9— if irfiifeTffil^tt^jii 
V^fc&frfc-T, T7RNA #JJ ^ ^— ±iE^«ctCfflS-fS3»S 631-640 Cl 

AUX-Ts #3§W#Kt TCfliMDNA tfV 7— if I (DFl§2(DiiLm±, 7 4^13 
— • -fr:/ >f ^©^U ^ O (i^F^EL, T7 RNA /K y ^ — if d^T, ~ 

<Dmmz-m^-fz>m.mz.tetfz>T * ymcomm^m^i^tc 0 1 r^sousaetai. 

<7)^Cj^ (Nature, 364:593-599, 1993) 1?^ £H/c5xf£t?|iti:/^ ib(7), *:/]§® DNA 

A^y y 7— if i <7)^y o (cfg^-r-s T7 rna ^?y ^ ^— if^^y -/^^ 

^- ^ ' -f t^y U # : ^ ^ K (D fl Id «t 5 s< << T 7. 

2 s 4> V ^ a> , *VMi^< iv^ RNA >if y ^ 7 — if Srfi&i- -5 r. t <£: g 
ff) £ LT, Iffc^RNA^y * ^? - if £ g J£ g£ L 0 ^O^m, 

if t£M RNA^y p< 7—&<D7 $ ;m<v-n%mm-rz> z. 3' 7=>^> 

-if £ JL V > L T £ S^J* L fc 0 

T 5 y©^£fpfcKf±, _hte#^¥ 8-205874 ^l£tt:£< ^l&fc&TF ^ftTV^ 
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£ t 1 o<7}T 5 ygt^tfr^Ttlf-ttMRN A^y y 7— t?ri»ibfc5:: £ 

%&wt.t-tz> rn A^y y 7— tf^Ba-f-So 

HI 1 W\ T7 Z7 7—i?Vyj*±(D T7 RNA Jtf !J ^ 7 — IfiSfe^f £ = — K £*LT l ^ 

5 T7 RNA y =7—V<DT % S fflSZM tfeS. ±®te % JtftSBa^J", T 
J£te*tf>Sfi3aj(c*tJ£i-5r S / BfcE^JSr^Lfco «<£>*£3=!i, i&*Bfi*"J<z>*§£\ 
DNA Sfi^lJ^— ^ ^ GeneBank $ tit l^T7 77-v^V^ (Locus T7CG, 
39,937 i£X**) T?y^©§^(±, T7 RNA ^ y y 7 -if # ft*JJ 
<Z>M(y lRt, ^kft 883 ;iil^b^ot^§:^^f 0 
HI 2 13:, T7 7 T7 RNA /KU ^ 7 tf lUfe^F- £ =1 — K c? tit V ^ 

5 T7 rna /Ky y 7— fetor 5 y^ifi^ij r-fc5 0 _h©ii % jfiSEjij, t 

©ti^<75E^Jti*fj&-rsr ^ y ®eifi^u^^L7co ;&$s&<z>$fc*m, ^sifi^jw^-^, 

DNA E#|t*— * ^ GeneBank $ tlX V ^ <5 T7 7 / — is-jr / J* (Locus T7CG, 

39,937 M*t)©tf?:/TL, T^yg?©s^(i, T7 rna # y y 7 — if §• mtn 

<DM(* 1 £ LT, ^ft 883 r ^ y g^S^^/^oT^S r <t 5r^i" 0 

H 3 te, Sl^^xta tStlX\/^& ~7 7 — RNA Jjf U y 7— ^07 5 / |£El?IJ<£>it 

®E (hu¥) t'fcSo *±©£>T7 RNA /f y y 7— if£r£*f!<t LT, • T7 RNA ^ 
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El 4 <i N JaM^H-CV^^T— v^&JfcRNA yfsV ^ =7—M(DT ^ / I£ifi£iJ<7)tb 
%t (m¥) T£>5 0 Mi±.&(VT7 RNA LT, • ttT7 RNA /K" 

El5«, T7 RNA >tf y ^ 7 -if (D^^miL^XmiLmtmmxibh 0 &«fet£;Sc3= 

|§| 6 «\ T7 RNA y ^ 7— if £ T3 RNA *° y ^ 7— if (DT 5 / f£Ifi^JcDj:b$? (flft 
¥0 "CifoSo fli±l£<£> T7 RNA tf? y p< ^-if £S*j*<t LT, • YiM — <DT % J 

m, sti^co*« 2 -ocD^y * ^-if j^Jtii lt^57 * smx-foz 

g| 7 T7 RNA /K y ^ 7— i=? £ T3 RNA # y t< 7 — if ©T 5 7 &tWL&\<Dit& tfk 

^) "c*>5o s±i^(7) T7 rna # y ^ 7— if %mmt lt, • t±i5]— or ^ y 
®u -«^a> *n^c*ii 2 ocd^ y * =7— if {d^ii Ltt^T 5 ;mx&z> 

IH8tt % T7 RNA ^y^7-f(7)SS6 4 1 -6 6 7«M®E?lJi, -^tUCx} 
JE&-t-51£#c<Z>T 3RNA ^y ^ 7— i?\ K 1 1 RNA jtf y ^ ^ — if N JkXfS P 6 RNA aK 

y y ^— ifr 5 y ^ia^ij^r^-r c t7rna ^y y ^— if no^ttt, 

Lfci&S, Mffc~t& T3, Kll, SP6 (^-ol/^Tfi T7 £ [r| IS^St^OV^Ttt • ( h) 
X'Tjk L/c c 

El 9 ii, Sf£® T7 RNA stf y y ^— if £3§?l-f 5:7^;^ F\ P T7R (Dmmmxfr 
5 0 
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m 1 (Hi, T7RNA #}) J 7 -if F644Y kft&ir&Z/'?* * K\ pT7RF644Y 

©«teigit?feSo 

ei i i tt rna #y ^ 7— \fmfc*tpizmmmm xhoi s&te&#o % p t7r w 

* Z h\ pT7R-Xho ©flIISig-CfeSo 
HI 1 2(i, T7RNA /KlM^-if L665P/F667Y Sr^g^i~ 5 ^7 ^ 5 F\ 

PT7RL665P/F667Y <Z>tSlgia-C#>5 0 

HI 1 3lt '^^^ T7 RNA ;tf!J ^ 7— 1fM«fc5^ • * — ^ — * — (DMVi&h- 

m(D^cm^^-to Wt^EM T7 RNA 3jf U ^ 7 — if (WT) % fSi T7 RNA # y — 

if F644Y(F644Y) , T7 RNA >K V * =7 — if L665P/F667Y (F667Y) e 

HI 1 4fi, T7 RNA 7 -if F644Y |:«t5^ • * — * — * 

19 iA^.^W^S^r^-r o ho^7^iLT^Ufco if^M T7 RNA #11 

^ ^ —if (WT) x T7 RNA ^y^7 —if F644Y (F644Y) 0 

Ml 5 '^^^ T7 RNA ztf y ^ 7 -if L665P/F667Y l£ <fc 5 ^ • * — $ * — * 
— (7)© "9 JA^-^O^:S^r^i- 0 ^n l/^ hn^7AtLt^Lfc 0 If £§J! T7 RNA 
# y ^ 7 -if (WT) , ^m%H T7 RNA /t?'J^7 —if L665P/F667Y (F667Y) e 
mi 6tt, ^>— ^^V^^CTJ gf£MT7RNA #y ^ 9— if (WT), '^^1 T7 RNA 
^y^-if F644Y (F644Y) , T7 RNA ztfy^—if L665P/F667Y (F667Y) 

SrfflV^TKJSLfco /rT^^ 15] Cfllito v— ^xy^/^- VCfcS^s^ If £M T7 
RNA #y * 7— 1f (WT) (ft±©)-Cte, ^=»— /^S]EL<filt6-tiri", i&gtT)^ 
RSa*3fe* 0 (IS^^MoTL^^) , IE L < i/— ? xy^T^T^^^f 

HIl 7fi, T7RNA #y^^-if F644Y/L665P/F667Y SrSg^-fS * 5 

F\ pT7R F644Y/L665P/F667Y ^H^HI-efc-5 0 
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Hi 8 (1) — (4) n s T7 RNA # V * =y —if F644Y/L665P/F667Y \Z. «fc 5 • 

x©RNA^y^7-f^Mt5 0 Sbt-, riH^MRN A/jf y ^ ^-if j fi, 

ift4SRNA>-ify S^tSlfttSRNA^y 7— if<©gE;ft 

^tt^LT, 3' 7=^3^>y V^tM^frh^m^fo^MV^tsm 

£ bl-ttSt^TfeSri *>-C£5o- BP*?, ifttlRNA^y p< 7— if£A& 
lft(c±f£j^c7)@#j-ef« Lfc.RNA.^y 7— if fc, -LIE rifttiRNA^" 

RNA^y ^ 7 if ir UT^>?St4Sr#6^-rs$£li|-C, ft t> frith W $> Z> Z 

fIfttlRNA^^7-i?j ^LTte, 0*JjU£, T 7 7 7' — v\ T377- 
v\ SP677- v\ Kl 177-^t^^f5RNA^y^7— if'^WSr 

^SBWtczfeiV^T r lft4MRNA7Ky * ^ — if j «\ ^^(c#ffi-fSi«- 
7c) t©t)^t5 0 fat, iitsfttt^^^-i-s^ifc^iiiiji, RNA/Ky^7- 

ttSlRNA^y * 7 — If J £ LTiift©RNA^y 7— if&fflt^fcaMBWtf) 
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t, pcr mwd%m%it vx^(Dmx\ w-b. pcr ^m^lt, ^-^^>^ffl<^ 
T7 rna /fy^7- if«, mtbx&m^^^rfu*:— ift^m rna 

^— 1?£ LT£flfb;ft,T^5 0 T7 RNA ztf V * 7 —if £ £0i£t::H LT 

Davanloo et al. , Proc. Natl. Acad. Sci. USA. , 81:2035-2039 (1984) {'ffifgc £ 
tLTV^So ^ ^)(-^i4II-iLTtt, Zawadzki et al. , Nucl. Acids Res., 
19:1948(1991) {^g5E(dfai|t$tLT 1/^5 o ^<^^r— ^E&3fc<Z> RNA 2K V * 7 — if ti, 
^Di®^^^/^^^<7) RNA tK y * 7— t? ^-<^^y-<^ K<75^T*te 

^Sl^^rtT 9 ^. i: ^ttS^S (Chamberlin et al. , Nature, 228:227-231, 1970) 0 

M^H, i§^ilT^5 0 Sousa et al. , Nature, 364:593-599,1993 \Z. 

fa&mm^mzmzthx^^., 
£ ^ co mm fer m m^^^v^— rna *°y ^ ^— tf t l 

Klebsiella pneumoniae {^aSSSrfS Kll 7 t — v> & 5l5 <£> RNA ^ 7— 3 O 

ft, ±E4i<DRNA^y^7-fii, tit^j:^^, r 5; y^cD-^^it, 

& if An £ 5 mj^^J: 9 N A# y ^ 7— i?T«\ y tK 
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wifefcmzm^^zwtf t^ot^fco ^wi^lt, &mw<DRN A^y y 7 — 

|:fiL<(ilfttl(?) / >^< £ & 2fgigfln£-ta:5 «fc («ifif gfi £*i/T 1/^-5 0 3 ' 
7****/}) * KOSlOii^ii, 3' 7^3r~>y u^-^ Kf^Tfe 

iSi, y tf^^ u K£»i, atp, gtp, ctp utp xii^ixb^M 

jgffcj^b&S y K 5 ' h!J7t^7x- hi^IftL, 3' 

> y tf?;* ^ U^J-^ K}±, 3 ■' dATP. 3 ' dGTP. 3 ' dCTP Hctf 3 ' dUTP i^f*L, 

^IgP^^-li, iiui£<Z>.fc O T7 RNA aK'J ? =7— €lzm'fZ>m*(Dm& : &$&$: 7L 
/c±T\ T7 RNA tfV p< 7— -tfii*3^S y /K^^ u-;d-^ K^<7)fl^t-J: 9 & 9 

^^^(-/^-r T^./i^>^^^c^(±^< /fe v ^ rna #'J^ 7— -tf^Sffc&flfHi-s n 
££&*tLfc 0 RNA *° y * ^~if±(D ¥(DT % y|^fS^5© 

-tf (D'pt£ < £ t> 1 o<7)T 5 / r £ -? 3 ' T^^r ~> U tf^ * K 
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*mW#tt. £1\ T7RNA^y y 7— Vmfc s F%WALtcW77*^ K pT7R 
£fH^U r^^gia^^^^ K pT7R ^-7iat T7 RNA # U * 7 — 

-£<7>gggft:£:fll&L7i:„ BP^, T7 RNA ^y^^— if(7) F (^^^yUT^^V) 

Y J3igte:gE{fc£-ti:fc^S§! T7 RNAtKU p< 7— fef-CfeS 

F644Y, F646Y, F667Y, F733Y, F782Y, F882Y £tf|^L, r. *L h (T^MflMdOl, ^ 
X^L <9 i&frtfetXDitWi&fTo iH 0 ZhlZ, ;«(Sousa., EMBO J. , 14:4609- 
4621 (1995)) T7 DNA # y * 7— i£<ZM526 iC^^i" 5&ffi-?fc5 T7 RNA stf 

y y. 7— 1?<7) Y639F mmW-(D\±K^m^LX^^ 0 4#(d, 8-205874 ^-{C 

tmZfrtz dNTP ti^i-S^(©^ti^^b$^S-t?S>5 5 

Y639F'«{£t>fSfgLfc 0 

2|s:W*IB*l^*3V^T, if'ttM T7 RNA *° V y 7 — if COT 5 / Kffi^Jfi, it^SE 
^IJ^— ^"< — ^"CfeS GeneBank J; t> * accession No. V01148 J02518 X00411 
(Dll 7 T — i? DNA IB^J (39,937 Jfi-g**) 3 171-5822 {in — K£*VTV> 

SiB?iJ (HI 1 &U*2#BS) £&Bg£ LTi^5 0 HI 1 &T>'2 l^^i~iIiJ£ijCD±lxf"±, 

E#I<E>J#£\ GeneBank JCM^tbT ^ 5 T7 77 — v'-^r y (Locus T7CG, 39,937 
tlM) CO^-^r^jjk T 5 y mGD%r^te^ T7 RNA >K U 7 — £ £ ft 30 <£> M(y 
^-^)£r 1 £ LT, £* 883 T 5 ytili^^oTt^: <t£^i- 0 

(Sis ^COT^ylfi^Jtt, ±15 Mof fatt et al. , J.Mol.Biol., 173 (2) : 265-269, 

1984 i^^^nx^^r 5 ymmmtm— -es>5 0 
ftot, #93iHB£{-*5tt5iH£S' T7 rna ^ y y 7— ifitfE^cor 5 y j^Sfi^J 



13 



WO 99/02698 



PCT/JP98/03037 



So ftlT&<D£5\£ s ±lBlfi4Si T7 RNA TKy^T— tffi, #3891 Ti#J 

rirfe#5o tot, *^W|^{ll^^T'IS^At^#lfttSRNA 
* 7— iftf^ ifttM T7 RNA /J^U^ 7— ^l^iJO^^iALfctroTfeS 

iZ.Tjk-f&^rtte&ft'Dtzb LTt), T7 RNA U ^ v — if fefe&mW LT 
v^SPSt), ^<7)J: ASfciijfcsg&W-ra T7 rna * y * ^ —fef 

t-*5V>T^«WOBfi*Ji:-r5^Sr^[Ai-5lffeM T7 RNA ^D^7-f©ii 

T7 RNA 7^]) ^ 7— tf£Wtf> RNA y p< ^— fef i^Ot *X<DT * J B£ia?lJ(7)#-5§- 

t?#s 0 ftoT, rtL^^r 5 / ^la^j^^cos-^-td'ft^Tt , T7 rna ^y 

&jt1rZ>m^%:mA1rZ>%f£.m T7 RNA ^y p< 7— if <DijfcPl3!M'^S*L5 0 

T7 RNA y ^ ^— tfiteT-fi, T7 DNA ^mMfe, T7 RNA ^y^7 

-if ialS-T-W N 3fc8ST 5 y^fet±^^4#M^J^^°^-Y^-(T7Rpol-N : 5' - 
ATA TTT TAG CCA TGG AGG ATT GAT ATA TGA ACA CGA TTA ACA TCG CTA AG - 3 ' h 

rx* cm%sT =• ymmm-rmz.mmma^^^^-i t7r po i-c : 5'-ata ttt tag 

CCA TGG TAT AGT GAG TCG TAT TGA TTT GGC G - 3 ' ) U PCR ^ffl^T 
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if*Ss 18^^^ — PT7R ^iifSr k&-C%Z (HJ£0»J 1 #!80o r<7)^|g.-< 

7/->K (IPTG) Sr^JPi-Si:, T7 RNA zKy * 7— ^ISI^^iCI^t^o 
~ <D T7 RNA #U^7 -if it^-^^id?lj £ , HI 1 St) 5 2 (^T^-fT * / §££$4 <t 

Grachev et al. , Bioorg. Kim., 10:824-843, 1984 $ fhX V ^5 T 5: 7 & 

ffi£"J£f±, 11 1 Sl>'2(^f7 5 S &®Zmz.*$tt Z> 623 #@(DYSl>-665 ^@© 
Ltf*. Grachev et al. ^$l:fc1t?)7 ? / X !i , -ttb^ixH (623 # g ) 

Sl>'P (665 #@) TfcS^-CilLTV^o ±a5<7)<t *38W<Z>3E&MR 
NA^U ^ 7— if <7^-*<b&5SB£MRNA;tfy ^ 7— HI 1 RTfi2\Z7ji 

3£3r, ^bl-ttSfc^TfcSrtt)"?!, -hfB Grachev et al.Oi^LT^ 

5 623 sb&t* 665 SB^gas^a-b^eax h &t>* p tfcsr? ;mm&\h, * 

^B^fflRNA^U ^ 7— tf(7)-<— J* £ 5 !!H4S! R N A^'U ^ ^-if(^ 

3§^-<? ^ — pT7R £J#o;fcJJ§®fl>b*ffiKL;fc: T7 RNA y ^ 7— iff*, ^ ^ • 
h n-C T7 ^cz^e — * — *SA;td DNA #fiTT^^/i RNA p-fife^Jtt^lf LT^ 
/c 0 Z&ft&Zf^XK K pT7R ^-ZfCLtm T7 RNA >K U p< 7 — fe? £ L 
X, HU«B<7) Y639F, F644Y, F646Y, F667Y, F733Y, F782Y, F882Y £fif^ U r*L 

F644Y ^^£rt#o, fli T7 RNA ?K y ^ 7 -if Ido^Xli, F644 
SHW^I-, F644 (Dif£&<D L665 fcHrntfitf) Grachev et al. W^l-lloT P t 

BP*>, F644Y/L665P ^Uf^lAL, L665P <7)l£lP£r 
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m^<it 0 *7c, F667Y^M£t#0 > ^I^MT7 RNA # U 7 — £ t> , F667 |£*J"f 
F667 <7)ifi;i£<7} L665 £jtu#i<7) Grachev et al. ©i^l^ot P i 
t5fI^iALfc 0 HP*,, L665P/F667Y ir LT^IS:*ALfc„ 

F644Y/L665P/F667Y ^SrfALfcfiS T7 RNA tfV tf&JS 

^I^lAtfc T7 RNA #y ^ 7— t?£r*MSlU ^n^E— ^-g^ij^m^^ RNA 
^J&£ ATP, GTP, CTP&l/ UTP y UaJ--> K5 ' 

hU7t^7x- hUMt/ti 3 ' dATP, 3' dGTP v 3' dCTP, 3' dUTP^cl^te 

^HbcDmmfccDmv&zt-ffcti&wtkm T7 rna #}) * tit&i.ti 0 s^m 

•?:cZ)^^:, ^ 1 i~ «fc 5 1£ * F644Y, F644Y/L665P , L665P/F667Y RXf 

F644Y/L665P/F667Y tt, RNA £-JdcSt££r^#*fctS U 3 ' dATP, 3 ' dGTP. 3 ' dCTP, 

3' dUTP &\t^n*tib(Dffimtt(Dfov)&fr(Dxmtj:&w&fLtbtifc 0 */c. 

F644Y/L665P gEHftWEl 9 i^^tg^ F644Y ggSffc £ o /c 0 ^ 

fah, 665 <7>n iy^(D^n V >^<Dfttftfi, 3' dATP % 3' dGTP, 3' dCTP, 

* 1 Mfct, L665P/F667Y ^1*©^©^^^^^, F667Y gE&ffc , L665P/F667Y 
f£Sffc<Z>ax9i2^l!&#£P^^fcofco $P>(c\ F644Y/L665P/F667Y ^W*Pf<DM 
V i^^-Bt^^^^iti7i^o7Co * 1 i-te^ LTl/^V^, F644Y/F667Y 

fls O & "9 jA^-tg^j fcfc F644Y/L665P/F667Y ^ ^{£tf> ^ *L £ f5 (■£ |5]# T~ o fc c 

F782Y ggStfcte, RNA^J*ffitt4r{*^FLT*3«9. 3' dATP, 3' dGTP, 3' dCTP, 

tt. RNA ^j£f£ttj&S^F(&TL;fc>b 3' dATP, 3' dGTP, 3' dCTP, 3' 
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dUTP $LWi*:tlb(D&mft(nWL Y) &^3g^(D&S^JL ib*L/c D F646Y ^Sfrttx 
RNA £fifci&|43r{fcf¥ LTl^/c t> 3 * dATP, 3 ' dGTP, 3' dCTP, 3' dUTP g£ 
^^^tlh(Dmmit(DM^\^^mti(D^m\^hfh^^t^ 0 F882Y ti, RNA ^ 

£ b^, T7 DNA /J^y ^ 7— if (7) Y526 tiSStSfilTfoS T7 RNA # V * =7 
—^(DY639F m^m-i, RNA-^^c^^f*^LTVvf c ^(7)(7)3 ' dATP, 3' dGTP, 

3' dap, 3' dUTP m^^thhcomm^(D^^]A^mti(D^mit^bn^ 

7bRNA#y * 7— :o J; 9 ^fiMFi-J: 0 , ^t5y#55^^f- 
is.it, ±IE. r^? ^ \s*=f- Kft-^aWSj I^t57 5 /^fi, #"J;ite\ 

NA^y ^ 7— ifo^y j/ny^yy^z ^ra^i*-— r $ yg£s. 
Wxf±— y z ir^y ^ ^ ^ a a ^<^^©/u— zffp<DT ^ / it-fcsrt 

Sousa et al. (D Xfik (Nature, 364:593-599, 1993) \Z.7jk £ tbT V n 5 5lffcfl|jt;&» t> % 
Y (T7RNA^y y 7— &<DT % ,/ 625 634 tiffin ) t^V y 9 Z (|5] 

r * smmme>49 a»e> 658 {^^^) iz.&-£titz/i'-y (mr ^ /mmmwofrb 

647 idfg ^) RXfi^ V Z k^V X AA {W\T % J 685 £> 699 \Z. 
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hfo&o *mmx*te. mm^. ^(D^-^{z.m^-r^mi^(D6u, 646. 667 m# 

4tS FBm=k Y MMgJ&Lfc (H5#HB) 0 

733, 782 ^15 882(7) F SKt ^-^^t5|I^^(Z)ife|(^ 

£ hlZ^mWte, T 7 7 7-v ? il*ORNA#!J 7— tf<7>T ^ / i?|S 
641-667 (CM^i-6ffil^^^jltR$tt2)^HJ^'t'(Z)T ^ / ^id^o ^Tfl^gfr £tlT V> 
5 RNA^U ^ ^ — if(ClM^5o T 7 77- -^*©RNA/f!J ^ ^ — if COT ^ 

641-667 (c^fS-rsiiifejcii, itfn&w ^ i-vd-^ Y'^%\tL\ (-ta^i- 

$H£>XMi&, L*0><5 0 [g] 3 &U«4 iC % ±fS 4 0(7) 7 T— v^jfccT) RNA V ? 
=7— ifcDT 5 /S£IE*iJ£J:t|£LT?r:i- 0 ~ <7>it$£ J: «9 . T7, T3, Kll Efcj;fcc7) rna 
*°y^7^(±, ifc-CifaLTV^5'i^5 o i6Sl>'7i^tj; 
5t£, T7 <>: T3 7 7-^^ RNA tf?y ^ 7— if <DT ^ ffi&TKl 
tt^SSSv^ T7 £ T3 7 7-i?«:, *i:«lt»?.77-^fc!), ^<7>|4 
Sfeffifttg^L-C^Srt ir^^-rSo 3E(-^(7) 2 0(73 RNA ^ 7— tf<Z>gg 

^^tiT^5 0 Z.<T>£.o\Z. T7 RNA jHU p« "7— if i-*3V^T^btbfe^^:^r s 

/^id^y^M-rsftii^RNA^y * 7— -eiciij&i-s n ttettfetfjsg^ 5 C 

-<^<t 5 *iS5V^|^tt^b, T 7 77-v4*(7)RNA/if!J ^ 7 — if J^<7) R 
N A^y * 7— ^{^*3tt5, T 777-^*©RNA#H ^ 7— if COT ^ 7 & 
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641-667 K:atJS-r5^*£«\ T 377-^*?)RNA^!J * 7— tflcoi^ 
Ttt, T 5 ygJIS 642-668 T*>«K Kl 17 7 -«©RNA^y^7- 
if(3LO^T«, T 5 yifll 664-690 "Cfct) , SP6 7 t — 3€GQ R N A # D ;>< 
7— fcfKlo^Tte, T 5 yggaS 633-670 T*>5, tfx.5 0 BU^co J; ? T7 V 
T3, Kll RNA V * 7— tffi* @#>TTO LT*3 «9 , T7 RNA # U ^ 7— tf 

i^-o^T60^m?r, T 5 /@&E?U^Mt- 5 RNA # U * 7 — tr lcigj£i- 

ir^-c#S(|g]8#He) 0 

JlffiRNA^y * 7— £ t LTti, m*-\£. T777-^*<ORNA^^ 
T S y^ll6 4 4 *7ctt6 6 7 (£:J3V>T^P R 
NA^y * 7— -tffc^lf 5 ~ 5 0 T37 7 -^*©RNA^y 

^ 7— if -CfcoT, T 5 4 5Sfcli6 6 8 o is is £ fe-f 5 

RNAJtfU * 7— ■tfSrflfl^i-S 5 0 £<b(-. K1177-^*©R 

NA^!J^7-fT"fcoT7^yiai 664~669 (Df^tM 690 iZL^T^o 

S P 6 7 7 -y4*©RNA/K^7-ft'fco-C7 * 633—638 (Dffi 

Sfcfi 670 (djoV , >T5 : " c i-' V £r "t" 5 R N A/K U ^ 7—&&M7F'f5 n £ t"C% 

^l^atST^/^lt MzitZ, 7i=^77 = yTfc5riTO5„ fit, 
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*mw(D^m%*RN a#v * 7— if ic*3v>t, f Mi T7 rna ^y^-if 

F644Y, L665P/F667Y F644Y/L665P/F667Y fct, RNA U $ 

**mL< iTLTV^fco IO«t5*ffinfc»ttSrWt5, ^HM T7 RNA sjf U 
^ ^— if F644Y, L665P/F667Y X« F644Y/L665P/F667Y ~ £ (d «fc «5 , DNA 

t& £E9>J$fe £S "Tag Jfc § 0 

^ ^ S T7 RNA Jtf y ^ 7 — if F644Y , L665P/F667Y ^^^^-5^)11^ 
pT7RF644Y(DH5a)S:I>- pT7RL665P/F667Y (DH5 a ) 13 , ^WfflBS^t6##^^n 
-iptL 5998 -5§-(FERM-BP-5998),&t>- 5999 ■*§- (FERM-BP-5999) t LT 1997 ^7^20 
(-^Ff€^F^-"CfcSo £ bid, T7 RNA ^ ^— if F644Y/L665P/F667Y £ 

pT7RF644Y/L665P/F667Y(DH5 ^ffiSBSSFSt*-^* 6364 

^ (FERM-BP-6364) t LT 1998 ^ 5 ^ 20 0 (d^f6i^r^-Tfc-5 0 

&mmztitiRNA#v * ^-if^nuR-rsr t^^m^^~n> 0 rna 

^tL^cRNA^y ^ 7— ^<7>IUlRli^-rn^. 4**qtf>#fe&ffl^T?T9 ^ <^fctj 

mmm T7 rna ^y^^-iftt, f?ijx.«\ uTv>jji&iz.£V)mm'tz>~t&-? 

20 



WO 99/02698 



PCT/JP98/03037 



T7 rna ^y /■ =7— ifm^^nxLxh^m^^ f-zmm^Lx T7 
rna ^ v-ifmB^^cmmM^m^ir^mmmm H P a 1, n co i msuaz 

^-d-^-^-^^^ ht°7/^K (iptg) %-mvtz>t, m^m T7 rna #y^ 

# 16 W «t tb I2\ u^^KKifc^T, 2* -T 5 3 ' -r 

y * u si- ^- K 09 ^ T ^ *t S <7) *I fg K: «fc <9 „ Id ?U — co ^ 

<9 iA * tL*" \z. ^^fcSirv^o/t, y^'^^ u^-^ K <£> 9 & 3* 
f) \z. *t -t" -5 s< 4 T 7 fc'p /«£ V ^ gfc V £ < t RNA 7 — if 

£ ffi tfc -t Z t * t? # S o 

N A^y ^ 7— ^^fflv^^SBB^J^ifeJ^±<^Jt&SE?iJft^Srpr^(c:-rs„ 
£/c, Mim£&^-f&&mW(DRN A*' y ^ 7— if (i, W096/ 14434 

^ $ /c dna ©11 Mi mfefeu m i-^^t, pcr m^wm-t -5 r 
<t -e, j: 9 ifi ii iz. dna 03 1 s @a ?ij <z> * ^ % n 0 r t & °i gg & 5 „ 

HWI 1 

lf£MT7 RNA # y ? 7— ifitiK^QO^ p-^^"^*^^ ^ K<Ptigffe 
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Kmrnzmmt-rz T7 77-yit ^Tcoxo^mmi,tc 0 ±mw ceoo & 

LB t&jffi (Bacto tryptone lOg, Bacto yeast extract 5g, NaCl 5g & 1 >J -.y ^ 
-<7)7k^^^L,pH7.5 lZ.mmLfzL<7)1b^- h? U-7^TSlL/ctgH!i)200 m ] 
{-^13 L, ffiffci^/^ OD (600nm) ' = 1. 0 LfcR#j£T, &m$t%k)g.fcj 2 TH*^ 

^^moD^^B#^(ciij^L, od ^mizT£htzm*^m>bmmzx, m 

<$i25r<?)f#, NaCl RUtf V l^^^y /I- 6000 

0.5M, &t>* io%Kfc5 J: 9{^n^L, -ofe. 4°c^t#BU 

7M£-tf5t 0 ^60«^rit^}*^-e*i6, SM&ffiflg (lOmMTris-HCl, P H7.5, 10 
mM MgS0 4) 50 mM NaCl, 0.01% gelatin) MTSSjSS L.fc„ T7 7 7 - 

*g*££, &iz&fomzTmizmm^-?zmm<Dmti:z csci mm± (rm^b. csci 

1.267g/ml, 0.817g/ml, 0. 705g/ml "CfeS^) (CM U 22, OOOrpn, 

T ' 2B ^> 77-^ieM$t, :©77-^©^v^ 

> K3::n£l£#ElU TEMfSrW* (lOmM Tris-HCl, pH 7.5, ImM EDTA) T'&flr L , 

csci i5fe^^i^*L/co mr©7 7 -^g%, ^y-/l^31(^J; , ^ T 

-v-'Seilrftt^^ T7 ~7 t — i/<D<f J M, DNA £r$HjS^ L7c Q 

T7 RNA p< ^— IfiieT-fir <Z)^y ^ DNA, 39, 937 J^g*j-cD[*] , 3171 ^ 

5822 #i(^=>- K$*LT^5[T7 >rV ^it^^j&KIfi^Jldo^TIi, Dunn 
otCtoTgEJ-^^^tLTV^^ (1983, J. Mol. Biol., 166(4) : 477-535) Q <fi U 
^T<£>fiTIE;^&><5 (GeneBank, accession No. V01148 J02518 X00411 CD T7 7 t 
-^DNAld?lJ#BS)] 0 ^O^V A DNA L-C PCR ^^IJffl LTl^il® L, J£AT 

<7)ct5^|gii-<^^-{c:^P-^v^L/c (IE19#bs) o -rfcfc*,, 5' Mffilzm 

mmm n co i mmmzz^n^^^^ n rna 7— tf ite^-^ n ^ 

iST ^ y mKm^m^m&Jtey*?^ -^-(T7Rpol-N 5'-ATA ttt tag CCA tgg 
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AGG ATT GAT ATA TGA ACA CGA TTA ACA TCG CTA AG - 3 ' h C *i^T S J 

f&j&ffiTFWiZ. W&Wjfty? 4 ( T7Rpol-C 5' -ATA TTT TAG CCA TGG TAT AGT GAG 
TCG TAT TGA TTT GCG -3' )£ffll^T, Z<Dmm&&*& PCR fed «fc *) *g#g L 
fco DNA77^7>h$r Nco I TtBfb U l%T#n — ^SStiHcffr&frV v 

g^J(^DNA 77^^ V hSrTtfn — 7)> *b "9 {±5 U Gene Pure Ki t •;/ /tf^ 

— » & jbi^ -crass l*i 0 rtu&r Nco i -c^t lh& y >®Hb L/cisia^^ ^ 

— pTrc99a (7t^-v^T • s^^^f) tM^ir^ r £ T' T7 RNA # y * ? — 

if %mm$L-rz pT7r &#m&l*:o T7 rna jku ^ 7— ^^is^i-s^ 

7*^ K P T7R fc£ % DH5 a (C^W^m U *n:^#)MT^t 0 ^y 

iltL, ifc&iifcfi:: IPTG ^^PL, * — P T7R (^£2x5 

Trc 7=n^ — ^— £-tir7c c IPTG j&An 2 B*|MJf£, 7cJ3§M£[h|i|X U ^£ 

K£ sDS-^yr^ y/wr? K^m^fti^ £ 9A¥#rLfc£ r T7 rna # y 

©^ftt'fcS 99kDa f^ifitC IPTG & gsflp L ftJ^<D^m gf©A > K 
/J^m^tbfco r<Dief ^lEII, Zawadzki, V ib v 1991, Nucl. Acids Res., 

19:1948 ^m^mm^nx^^^m^~u^\^t^m m^^m\^mmm 3 
xm^ $ n-r i/ ^ s tsi T7 rna ^ — tf ©nig t&tAs t*m cxm tit 

T7 rna #y ? =7— \j&tkm-tz>tctb(D$£m.-7 ; 7x 5 k<p«3S 

(DfIS T7 RNA Jjfy ^ 7— if F644Y ^^EjStt 5 ifc<Z>3g^:7*7 ^. * K<E>fit 
I (110 #Rg) 

If 4iM T7 RNA /if y yt y -if igfc^-CQ#A LT 3 pT7R LT\ T7 RNA 
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^!i^7- £ Jt^^C^JgiHdtCtHSI-SftiJPgffif^ Hpa I , Nco I mtL IC 
fefe^ixS^Sr PCR ?££r*Uffl LT^£#AL/c 0 L < t . m 

— F646Y (+) (5' -GTT GAC GG A AGC CGT ACT CTT TGG AC- 3 ' k F646Y (-) 
(5' -GTC CAA AGA GTA CGG CTT CCG TCA AC- 3 ' ) t tl*:tl (DMJfoWl St^WSfS 
o JfciffimFf-o -f=7^ -v— T7RNAP-Hpal-N (5' -CGC GCG GTT AAC TTG CTT CCT 
AG -3 ' ) , pTrc99a-PstI-C (5* -GCA TGC CTG CAG GTC GAC TCT AG -3 ' ) 
^ffl^t PCR tcj; <9 ^avpixo DNA 77^> hSritHLfco ;h?>® DNA 7 
=7?*^ M£fcMS**-f 5$H5#asfc«9, riibSrUt, T — — /K ft^Sfc^gl «9 
i5i-r t-r@^0O^m^*A^tL/c DNA 7 7^7>h^j^iLfc 0 Z<D DNA 7 
7 ^ > h — ^^yu^^C^cibt^ «t 9 „ g fr-J <7) A # £ <7> DNA 75^^> 

hCO^^r^iQai-rr i-em^L, r*L££*Mt LT^^— T7RNAP-HpaI-N £ 
pTrc99a-PstI-C £fflV^TI?J£tgU ftlJKB^Sl Hpa I , Pst I T^lWfLfc, ~ CO 
DNA 1 %T3tr2— ^m^i*W]&ft\<\ #BfLfct£, § #J<D DNA 77/^^ 
$J9fctiU iiLfco r^) DNA ^7 ^^>h^r P T7R © Hpa I , Pst I DNA ~7 

is v - t -?mm&mA u ajj§® dhsc* t^sctei&u ^ 

^^S('^m^^A^HT^S7i^*9 75^5tI^L/c 0 LT, T7 RNA # 

V * 7~il F644Y ^^^-TS/c^^^ia^^^ * K pT7RF644Y &#fc 0 Z.oy?? 
^ ? FfahO^^m T7 RNA J}«M 7— £ F644Y CO±Mlt. gf£^ T7 RNA U ^ 

^— -tfcD^M^riwiti, #7^:*^ v%:^&±mm&mm u iptg ^^p-r-s^ 

(2)g£g§!T7 RNA 4<y p< ^— tf L665P/F677Y ^^M-r-Sfc^COlgm^^^^ K 
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(Dffim cm 1 1 rt? i 2 #hs) 

^Hi T7 RNA *° ]} ? 7— if L665P/F667Y C7)$f^{j; x F644Y <7>fi|^|pH3t, 

5?£MT7 RNA *7--£»fe^&#o36^**-pT7R*(7) T 7 RNA 
jjfy * ^-ifite^f«F*lic:, 3g Aift f^&^K-T 5 fctoffij 1881*5 Xhol 
(CTCGAG)£#AL/c 0 Si'JIfWl^^S ^^7^-7- ApaFl (5' -CAT CTG GTC 
GCA TTG GGT CAC- 3 ' )t^7^^- Xho-R (5' -CCA AGT GTT CTC GAG TGG AGA- 
3' ) <D&Zf.&trttT\ *7c, Xho-F (5'-CTA AGT CTC CAC TCG AGA ACA CTT GG- 
3 ' )h-y = 7A Aflll-R (5' -CAG CCA GCA GCT TAG CAG CAG- 3 ' ) <Dt&3j.& 

t>-\tx\ &*mmt Lxmm,^? pT7r %m^x, pcr &n^ti c mu^ti 
mi#co dna -7 =7 v h temmmm A Pa i t xhoi t\ m^<om^ l/c dna y =? y 
* is y\i.WB^m Ann t xhoi T^iifHsttL, $ bt^mm^? ^- p t7r & 

^^Apal t Aflll -e^ILT, ^T£rT4 DNA 7 f 4*— ^ 3rffl V ^X&& $-£fc 0 
r<7)Sf&*!5Sr^l!g® DH5a l^«$5& U K4fef7 ^ V ^^^A,t£M^W- 

7^5K DNA <£>ttfct}&fTl\ T7 RNA tK !> ^ 7 — ffi&ft \Z.mm&& Xhoi 
^u^^*tL/c^7^ ^ K P T7R-Xho Sr#fc (H 1 0#BSJ o r <£> Xhoi g|H£fi, 
fffiJIWS? Xhoi T«f5'«!riIj:oT, §JP9f $tL5 ~ t AT* DNA <Z)i££|S£iJ$: 
^*tfV\ ■£0>#£&flfc8goJ66-efc5 o ^(7)^7^^ K pT7R-Xho &ffii£k LT, 
7° 7 J-?— Xho-R ^T 0 ^^-^— 667R (5' -GCT GAG TGT ACA TCG GAC CCT-3 ' ) 
<£> 7°^^ -v— 667F (5' -GCT GAG TGT ACA TCG GAC CCT-3' ) 

y-i-^— AflllR <7)*a^^^-li:T'#^ PCR £fTofc 0 -05 PCR M^^Ofcfg&IM <t 
LT, DNA (D^SId^lJ^r^^L, 7°7-f 667R*5j;t) ? .667F<7)ia^lJ^5i^L^, 
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*X&i£m) &ft\<\ 3&0(D*:Z £tf)DNA 77^ > h <9 ttS U Gene Pure Kit 
£rffll/vT\ DNA 77^ > hZmmLfZo Z <D%&M L/S. 2 OC9 DNA Srjg^U 

LT^^-r-^— XhoF&TTAflllR £rffli^T PCR £*tV\ i**sLfc DNA 7^ 

y * is hzmmmm-^v t c >?\ dna ^sia^j^^tfft-j; 19 1^77^ ^ h 

"CfcSr ir^rSfeSS^, MPfiSMfc Xhol £ Af 111 Srffli^-CH3£Kf&&fTV\ r*L£r 
^MJIM* Xhol *3j:t* Aflll T^lLfcT 0 ^^ ^ K pT7R-Xho lz T4 DNA 7^ 
^?rffl^T^^^-ti:fc 0 r £*:li§® DH5a I^KIS&U fit^K 

3ri^<o^)StRU i#lt, 7°^^ ^ KDNA <7)ttttSSrffv\ B#J<z>2£gi&s^A$*L 
Tl^5^£r DNA *££E?IJ<Z>ifc5££fTV\ L , g ttHD&giW. T7 RNA 

JKU ^ 7— if L665P/F667Y ££M"f 5 t^fr (D^T&zf "7 * S K pT7RL665P/F667Y £r 
flf^L/c (12 1 2#BS) C ~<DZf=7*K K>b©tIS T7 RNA # V * 7 — 
L665P/F667Y (7)4eM{±, §f£M T7 RNA # y * 7 — if ^dfcM £ 
K£-^ii>AJi§M£ri£#U IPTG ^iiPtSr £{£«fc «9 , SSSL^I^tB-Cfcofco 
H»J 3 

f£j|MT7 RNA ^y^— tf COS^M 

±mm^mAL.tzmmmT7 rna ^y ^^-ifsaK^»ML/c 0 

ft. *H fC<Z>!ff ^MMo^TKtgEK. Chamberlin, M et al. Nature, 

228:227-231 (1970), Davanloo et al. , Proc. Natl. Acad. Sci. USA. , 81:2035- 

2039(1984) KfB*fc£;h/t^5 0 ^^I^MSl^lttli, Zawadzki, V et al. , 
Nucl. Acids Res. , 19: 1948 (1991) £*lT V ^ -5 C 

m&m T7 rna # i) vtem*#}iz.±xmc%m-?mm-?z z>o ^muitL 
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fc^o J^T\ fll T7 RNA tfy F644Y <DffiM&£#iJ^-t-5 0 F644Y (D 

Ztm^f pT7RF644Y DH5 a M?»A, %i>£MWT V t c -> LI >^^/^y-d' 

LBt§lfe(«lT, StSSIfigfUdT OD(600nm) = 0.4~0.6 |:4ofcir|, 

t"yU-/S-^2h^7^ h K (IPTG) *Wm& 0. 4mM {Jlfc 3 «fc 5 i-^JP^L , 

2 !> J£2|jj£«fc 9 io g (75JSS*w^:fli®^#^tt^ 0 ' cD^Ui®gf$^iE 

5 0 C^T^J£-T5o r<D^:fli®tt, r^ir^g^fia^ 10^cD/5fe^SW (20mM 
Tris-HCl, pH 8.1, 130 mM NaCl, 2mM EDTANa 2 at 25°C) "C^V ^ N 31*31? '£>#fflt 
(5,000xg,4°Cic:T10^^) LA0i%m<7)y~tr-is3>mffim [50mMTris-HCl, 

pH 8. 1, 100 mM NaCl, 0. 1 mM EDTANa 2 , 5 mM i^^HrT. \sj \ /U(DTT) „ 0. 1 mM 

^^ifS:^^, 30/ig/ral 7x^^^f^^^^^/b7;Ut!J K(PMSF), lO^g/ml, 
b7~>^] WIIL, V^77-ft- 450 (^"^^y^ft) 5r/flV\ 80W N 15 
^@^MS£m^gf$£l». «iS^fiT$*5o S^T, 12,000x g ; 4 C C 

ti-c lo^^ii^^t l, ^aas^i^v^7c 0 ibtifeii^L/iist), 10% 
$&m* h u^h^j is^&*p<>< v) tmTi,, wmb. 2.0% h Ltzm. sek: 30 
ftmmt&m-ttio i2,ooox go 4°c^x lo^mm^m u m^i&^u 

fl£gc£^o< ^APL&^biflfU ifcfK£7fcfifc£-tf5o r<Z>*§£\ 30% 

^£&«#L#rtS£>«s;tolU WtFftJI^ffM^-tf: (30-60%5&3c£ti£) , 5E{c_h?f 
Sr 90%gg;f«2c^&5 «t o \zJ$iim&-$:M7L, 4°CiCT 1 p#^jtr# U as^Lia 
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W&m&ftffil-tib T7 RNA y ^ 7— ifc^fj £ A,<h*ii, 

ftU'PwL(Dt) "7 M%.W<& (20 mM KP0 4 , pH7. 7, 100 mM NaCl, ImM DTT, 30 /i g/ml 
PMSF) U Si tf£ 500ml i^T, 16 B^igflf U JML7i 0 ^cDjlflr^ 

^T, #7^M$?S 5ml <0^<]) > — 17 T D— 7, (-7 T ^-^t/T • Jrf- ?) [Z. 

ttto-tZa ^(Dt)^ J*&Wi%W0.-(:\ 280nm O^^^SgHS^K^^tt} $ 

*tfc< &5*Ti5fc?^U ^^M.mM^m 40 {£(7M£*1<D|^— M^r^c?) 0. 1M~ 
0.64M NaCl <7)iEM^IdT^fefc!i-5 0 j&ttStiSfi, il^S;^^^® LT 

(D^msi T7 rna #y ^ '7— if i:St>ns^ftf+3a<c:seH^#^-r5^iii^ 

*&£-f5o ftiW^{?i|T1i 0. 4M <D NaCl f+iff JC^l/^^HS tt-fT-fc S 0 
M&W^^ts^-m^M^, #J 1 y s>* — (Dt)^ MWffim (20mMKP0 4) pH7.7, 100 
mM NaCl, ImM DTT, 30 /z g/ml PMSF) t£*t LT 16 RSRUigtlT U JB£ifiSkf£4rfTofc 0 

z.<Dffl5TWM.\^fc.ifrm%: , Pilifin^T^fe^^b L/c 5mi (ox? o-fe 

77P-^(Q-sepharose, 7 7 ^vi/7 • /Wtf^)!:^^^ I^StKfKT*. 
280nm W^^K^Sf^^tfc} < * S * -T?i5fe}* L, *7Afl£i^ 40 ^ 

Is] — igfinCTcT) 0. 1M—0. 64M NaCl OiSj^aiS^gET^m-t- 5 „ ^ttS 
ffcti* j6M$S&f*&^#iIiLT3i«>, tfCM SDS-T^ U /UT =• K^^aa* 
KrfTV\ g6IC&##rU g^O^^M T7 RNA jKU ^ 7— if t,gfcti5^t 
^ia^SaS?^#^i-S^Pi^rtfelE-rSc ftiW^^Ttt 0. 24M (75 NaCl 
{cav^^HStt-r-CfeSo ^(7)^SK^-g-tf^il|^ftto, 500ml (D&ftmmffi 
t& (50% glycerol, 20 mM KP0 4 , pH7. 7, 100 mM NaCl, ImM DTT, 30m g/ml PMSF) 
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v<D RNA ^ricf&fi^VMijgAL-Cl^S y tK^ ^ U7 — If^tiiioi/ , >Ts^^i~§ 0 
~ ^X^<D^m^m^-t^ t, <4>- fho RNA £-fifei&t£j£oi^-CWu T7 
^E— * — Sr^tr:^;* * K^»SiLTffll/\ If£M T7 RNA # }) * 7 — If <7>m 
Md°p (BRL -=3r^n?±) ^^mp n p«ir LTgf^^fe^fflv^T, RNA ^KfSfcfir 
V\ I^J&L/c RNA fcTtfo—^^acSd-f- 5 19 s =fc ^ GDT^ffiSrlf L 

fc„ r<7>£^ ^^nfcRNAO^o^^fil^^HSf-^, PHiigA^ 

J: ?fcxg&&£;tfcra®ii£-c\ 1 y y^-w^^b 2,500,000 ^te<D'£H 

m T7 RNA #y F644Y m&mmm£^ ^|f n |:|i|J^i' RNase 

Hj&fetf'J 4 

3 ' dNTP m^^Ofe »9 &;»3S<PBfc3g 



flfM£*l/c^M T7 RNA y ^ 7— fcf F644Y L665P/F667Y fcffil^T 3 * 

dNTPcol?i9ji^^«r«F^MT7 RNA ^ 7 — tf <b AUTO <£ 9 dtbtfc L tz 0 
<<> • t"hDT*©$£?S{£;(t f?ij^ltt\ Melton, D. A, [Nucleic Acids Res. , 12: 
7035-7056(l984)]{Cj:oT^:$tbfe^fe^-^^a LTfTofc 0 £ 
^^t, T7 ^n^E— K^*-pBluescriptKS<+) 
h7^^-^tt) MPI^^PvuII fcSV fiscal T?Rj£U IMfcKL 
«HTffll\ 3' dNTP (DmWfotLT. W096/14434 Kf2Sft£;ftfc#j£ 
S^RBLT^JdcLfc^V • S*-*— 5-#/b*^>-x-n 
It 3 '-f^^v'S^v^-S'- b y 7*^-7^— 150^M, $ £> id 500 n M GTP, 
UTP &t>" 250 n\k ATP, CTP, 8mM MgCl 2% 2mM spermidine- (HC1) 3 , 5mM DTT\ 40mM 
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Tris/HCl pH 8. 0 (BRL, ^nft) (D0kftT\^ W ±M T7 RNA V * =7 — tf (BRL, 

^^=xttfc5v^fi=^^^^-^j»[) % mmm ti rna ^y^-- 1? F644Y £>5 

VMS L665P/F667Y 2 5 M^^.T, ^fHxJfcfcSl 10/z 1 £ Lt, 37 0 C"e 1 B# 
5fc#>, ir 37 7-7*3/^:* G-50 T /p-v^t* . yf^s; ) & 




S£^ 3 *fcSJS4fc&tfc^£f±/*—^>a:yu^ — ^ + ABI PRISM 377 DNA 
Sequencing System 9 fifcV^tftfJU* Ver. 1. 0 J.lfi£l/\ /JvU-AT ^ K/EDTA/Blue d 
e x t r a n loading buffer 6/z 1 (d^ft? U ^(D o h 2 fi 1 £ % 6M ^^/4%n 

^^u>^ir- ™ y/ur* K^jg (fmo ^isxmmmm&y 

^£rffll/\ ABI 377 DNA Sequencer St^^tfr^o J; «9 fl?*f h/c Q 

JUSrEl 1 3 K^/U • > -v^ LT^f 0 T7 RNA ^ V *<7—1? F644Y J* 
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ff£MT7 RNA tfV * 7— -tfKtfc^T* ft 3 f ©'>-^xy^7^-iS#^S 

JEi'Hll 4Rlfmi 5{d, ■t^-?tuF644Y L665P/F667Y £/8 1^T# b*Wc 
^iy^7^- <7)t c — ^3M3rgf£M T7 RNA # U ^ 7 — if Srffl^T^btb 

rtllis F644Y *>SV^{±L665P/F667Y W^St-<toT, 3' dCTP 

#<^J&9&^«s&#£jh,fc::££r7j*L x $ fete, rof ^1 T7 RNA U ^ 7 
— tffc:«fc5Sg^SJ£j&s, giE(d#?5E-r5 DNA * c y ^ 7— 1ftcJ:S*££ffi^Ji*:^jfe<?5 

Htfe0»J 5 

^^gj T7 RNA ^fy ^ 7— tf ^fflv^c^V • — ^— fe^J:-5'>— 

*V • 5— % ^ — 5 ? = V*KJ£&, ^h'M $ tlfcfiS T7 RNA 
^ y ^ 7— if F644Y L665P/F667Y t Sf £M T7 RNA aK }J ^ 7— tf to^tJ^ 

f h a -CC0$H^S^{i^J^^j4T'^ij7^ Lfc, Melton, D. A. (1984, Nucleic 
Acids Res., 12: 7035-7056) J; ot*$Jxt^^ffll^; 0 £ bfc^ftffcftjfciy* 
T7 ^o^E— ^ — Sr^ri-S^^^ 5 K^*— P BluescriptKS(+)3r % frj 
PSS¥*PvuII fe^V^fiScal «LJ^C Ltz.h(D^mmt Ltfflt\ 3 ' dNTP 
©iift^Lt, W096/14434 i-ffifc £ *Lfc;fr&£#HS LT^J& Lfc^V • * 
— 5^ — ^—^ 5-#yWtf^>i3 — ^ v 6G til® 3' -^^^t^TtV >-5'- h 
!)7t77i-h, 5-#/l^de->cz— ^5 > 110WM 3' -f t^'>^7y 
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-5'-h!J7t77i-K 5-^7/U^>i/-X-n— ? * 3' -7***i/is<?- 

-7^ :i r'>^!Jv ; y-5'-h!j7t7 7i-h, $ t> 500 // M GTP, UTP RTf 250 
//M ATP, CTP N 8mM MgCl 2 , 2mM spermidine-(HCl) 3N 5mM DTT\ 40mM Tris/HCl pH 
8.0 (BRL, 3rZf^m <D^Tt-, E±®. T7 RNA stfy*^ — tf (BRL, 
feS^tt-iy^^-^M) T7 RNA tfV if F644Y 2 5 

milL&toZ-T, ^fffSfSfrfS 10/x 1 <}r It, 37^1 H#ffiRj££tTo*: 0 JfcKlg: 

j£^4?W^#ltv^^r/£<^V • ^-U^^-^l^itsfcft, t77 

7*^97* G-50 (7 7^vy7-/qtf^I) &m V X 

n — ^ ^ ^ 6G {IIS 3' -r^^^7fV>-5'-MJ 7^-^7x-h, 5-*/U 
jtfSr^n—y * > 110 Jff& 3' -f t ;/ /7 7 ^> ^-5 ' - h U 7 1 ^ 7 x - h , 
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7 



S-^/l^dr^n— ^ > no 3' -ft^->/7y ~»-5' - M 7^-7 7 

31- h 




Me Me 



* 7 3i — h 

&jm£-&tzRfc$)&$i : 3:£&s<— 3r is az. — *s\/<Z/(D ABI PRISM 377 DNA 
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Sequencing System IX 9® ^SftW^Ver. 1.0 ft/UJ^T ^ K/EDTA/Blue d 

e x t r a n loading buffer 6//1 id^fi?L, -^(75 0 ~h 2ul &\ 6M >@<|f/4%P 

y^»^t- "r^'j/vr^ Ki§iS (fmc) £-^tr>— ? ^>*ffiVTm^\±f 

^$rfflV\ ABI 377 DNA Sequencer SV^'o^Ati^WLfc, ^©fe 
m.EI 1 6 t£&7j* LfcriV^^M T7 RNA /Jf U * ^— if F644Y fc£>V^i L665P/F667Y 

tem±m T7 rna #y * =7— tf^jt^x, t c -^M^iSi<, mm^^^ 

6 

T7 RNA ^? U *=7— if F644Y/L665P/F667Y £r £ jg-f 5 ft 7 ;* 

5 K<Pflg^ (il 17 

T7 RNA jKU ^ -7— if F644Y/L665P/F667Y (DfS^fi, 3teK:fflf£S LfcfES 
M T7 RNA ^ 7— tf L665P/F667Y ^^EM^ 5383^7 * 5 KflUg^fe (HSfe 

0tf2#f8O iridic, PCR^-^iiLTEJlT©J;5l-nofc 0 

T7 RNA #11 ^-7— if L665P/F667Y ^: ^Mf^^^f =7 7. * K^r^Mir 
L T , 7° 7 ^ - Xho-F t ~7 7 << — T7-D0UBLE-R (21mer:5'- 
CTCTTTGGACCCGTAAGCCAG-3' ) cDM^^-tir <t ^7 << — T7-D0UBLE-F (29mer : 5' - 
TTACGGGTCCAAAGAGTACGGCTTCCGTC-3' ) t ~f7 4 Aflll-R (Dm^^io^tX^ ^ 

pcr ^rtTo/cc pcr myv&m&mmt u, dna oisg&yij&j&^u ^ 

-f — T7-D0UBLE-R *5«ttJ« T7-D0UBLE-F <Z>K?USrife®&, ^tl^tl* 2%T#o 
— *m,%$KW)$:ff\<\ B&J<D±£ £<D DNA 77^ ^ ^ hSrffiNKLfCo :©i|L 
fc2 0(D DNA £f^U ^Mir Lt^-fv- Xho-F *3«fcU« Af 1II-R ffll/^T PCR 

&m \ u/c dna 7 =7 > h *mmm^ ? f > ^\ dna JiLSisa?ij(D»w 
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izx r> nttvy^y* > hT&sr t &mmm, mmmm xhoi isxxfhnu % 
m\<^TMmfcfc*ft\<\ ^th&i-frmmmm xhoi *5,tt*Afiii t«u:/7 

^U' pT7RL665P/F667Y J- T4 DNA 7 ^ * V ^T|£^ $ tfc 0 ^(D^faM) 

%±mm dh5 o t^stetfe l m.^mnr>\i°r>v is%^A;tdm^¥-m±.x*$Lm 

3oz-^ift#fe 0 r<D=i n^ — ^i%< o^iitRU T7°7* 5 K DNA 

<73tttU*fTV\ l^fI^#A^tiTt>5^ DNAJ££e?iJ<Z>&^$r?fv\ 
§BU fb**Wt-BM«)2ESM T7 RNA /KU ^ 7— if F644Y/L665P/F667Y ^i^EM't 
&tclsb(D$£$L^7 K pT7RF644Y/L665P/F667Y 3rtff^L/t (HI 17 #fl&) 0 r CO 
^7^ 5 K^b©'^Ii T7 RNA 7 — if F644Y/L665P/F667Y O^jgfi, If 

^MT7RNA^y * ^-ifcD^mtrnm,^^^^ v%*&&±mm*i%m laptg 
mffiw 7 

T7 RNA ^ y 7— if F644Y/L665P/F667Y QUI 

T7 RNA /K y ^ 7— if F644Y/L665P/F667Y It, HK&0iJ 3 {£fE*fc<£>:5'i5&£ 
RC*Mi^iffcofc 0 ftMft&fltfi: LT, l y Jg£i£a>ib 
1,000,000 W&tfV^M T7 RNA ^ V ^ =7 —if F644Y/L665P/F667Y ISS^f|f 
£*Uc 0 ib^fc RNA y ^ 7-— £ fi, SDS-/K y T ^ U /U7 S K<7V^®M?*ffill- 
T, ei?^— K-Cfe*), r RNase Kt&ttJ £*L&a»o*: 0 

HJt#'J 8 

3' dNTP §j^^6QBx 9 &3^<P&il 

»#|J 7 Tfi!K Lfc'lM T7 RNA ?K y 7 —if (75 y if»JL 9 Uyf^- K (NTP) t 3' 
7^^^^ K(3'dNTP)(7>ffitt) ji^Sr^T<©<fc pJcaa^L/Co 

te^Rj&W&SUi, 7°7 * 5 K pBluescript(KS+) (7^7^^-^) SrftlJ 
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ITOH, PvuIIT'^jfcU IMfc£ Lfcfc<Z>£/BV\ ATP, CTP, GTP, UTP ZZtl^ 
tl 250uM, 2mM spermidine- (HC1) 3 , 5mM DTT, 40mM Tris/HCl pH 8.0, 0. 1D1 
CO [alpha-32P]UTP (3000 Ci/ramole) ©If^f, T7 RNA jtf y 7< 7 — if 

F644Y/L665P/F667Y £r 25 Rj&ldfflV^o ^LT, 2flit<^/£fl£ (3' dATP 

<^*SSs*PXttaS^l (I&M100//M)) ^fflftT, 37°C\ WftMfc&lttZc 
T\ ^60^;^^^:*^ DE81 paper (-7^ h^^fct) UUX/tfs/ h L, V 
?K"C 3 (Elites DE81 paper 5;->yf U-> 3 V/q jiWaixT, 

^Ufc 0 rtLJ- cfc <9tf ^tb/c^#t?5t4J: «9 , 3' -dATP c7)^p, M^PP^c^fit^tt, 
$£i-<5 ~ £ (CI J; oT^tL/ctt[alpha-32P]UTP (7)^ V) jA^-^Pfi* $ tb 5 fr^W- £B 
LfCo T7 RNA TfsV ^ =7— if (Dmm& 1 - 0. 0 0 t fcfctfc Ltll 

_L|S F644Y/L665P/F667Y 3m#Ktt;tT, If'ttM T7 RNA ,if U ^ ^ -if, ^Jfe 
#|J 3 -Cltfc^mS T7 RNA tfV * ^-if F644Y 3g= L < L665P/F667Y. XfiHiiSi 
0iJ 2 3 t mm<Dji&-Vffimmm LfcfUf T7 RNA # y ^ 7 -if F644Y/L665P, 
F782Y, F733Y. F646Y ^ L < fcfc Y639F ^S/^i-ffl^T, PRTOm^f /t 0 ffiStS 

m I (Dffigkn^ ^(^'Illii^^ 3'-dATP £&!9iA^ 

t<*oTV>5Ht*fc5r^7FLTt^o #'J;Ui\ ^MMT7RNA 

y ^ 7 -if F644Y/L665P/F667Y «\ If «9 , 5. 58 3' -dATP 9 

iA^tl/^i-efc5 r i St§ c F644Y/L665P/F667Y f£^(^tt, f£ 

LTc^SMiUf^T*, toH 3'-dNTP £El9i£i?^T.X<E>4>fcV^S§! 
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T7 RNA yfs]) * ^ —if F644Y/L665P/F667Y £ffll^/c->— ^ ji 

PCR C0$%$Hb LT human thyroid-stimulating hormone (hTSH- /3 ) cDNA £r T7 
^n^e— ^ — £^rr<5 BS750 5 Ki^t^^ n-->^Lfct©?rffl 

Wc 0 :© hTSH-/3 Srfco:/^;* 5 H\ lOOfg &fflV\ * v——^?'Uti[.&8Ltt 
J&-Cft&-fZ> L220 ^^-T-v— (5'-TAA CAA TTT CAC ACA GGA AAC h-3')RXI 1211 
7*7 >T -v — (5* -ACG TTG TAA AAC GACGGC CAG T-3' ) -CSJfrifc* 20 ju 1 "C PCR [ (94°C 
2ft) IE, (94°C 1 £\ 55°C 1^\ 72°C 1. 5 #) 30 0, 72°C 5 #] £*Tofc 0 
r<0 PCR -Ctfjjfefc; PCRM4£/<7) 1211 ^ >f -v — ^T»fci- T7 ^e — * — 

> — ^ a: >-^fe^Sf&ti, Melton, D. A [Nucleic Acids Res., 12:7035- 
7036 (1984) ] \Z.7jk £ *LT V ^ 5 # i£ &/H l^Tf? o fc 0 

±ffiPCR»(DP^J l/i 1 (ffj 10ng)&S/— ^rc^^jfcj-JB,,^ ^ tt>3 ' dNTP 
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(D&mftt lt, mmm 5 ti^fc^i©^ • ^ — 5*—*- 4 mr6g- 

3'dATP[5-77/l^>S/n-^ > 6G a'-ft^i/Tfy >>-5- h U ^^-^ 

37 :n — h (n=4) 4/zM R110-3'dGTP [5-#/Utf=> o — # ^ 110 111^3'-^^- 
■*lsyT J ->>-5- h <J -7*7.y^— h (n=4)!U 80 m M XR-3' dCTP [5-77/1^ 
X-n— ^ VflfSi 3*-7 :f ^-drv">^i^>-5- h y 7 * 77 V (n=4)L 20 ^ M 
TMR-3'dUTP [5-77/l^>~>^ h7^f/H3-^$ 3' -^^r v- £ U i^-5- 

h!J7^^7x- Mn=4)]£:fflWc 0 $ £> 500 n M UTP, 250 /i M ATP, 200mMCTP % 
500 //M GTP, 2mM v> >-(HCI)3, 5mM DT1\ 40mM Tris/HCl pH8. 0 (BRU 

^7"n^)©^#T, 3^11 T7 RNA /KU ^ ^— tf F644Y/L665P/F667Y 25 
^JPX.T, -^It^/^^lf 10// 1 t U, 37 0 CT-Bf raSfKSrtTo/co 

£^ft&£i£fcSJE&4&S:tt^;wtfc'' ? -- -7->^/u-^ — i/t^y© ABI PRISM 377 
DNA sequencing System Ix 9 ^V N fA^# Ver. 1.0 (Ct£l/^ *;^7? K/EDTA/Blue 
dextran loading buffer 6 n 1 £C^#?L. ^OH^ 2^1 Sr, 6M £jc|?f/4% n > 
^ u ^ ^ — ™ T ^ y 5; (fmc f±) & # tr — * ^ > * /4?*f ffl 2£t£ -tVi- 

£r/B^, ABI 377 DNA sequencer 2& U^ftFf ^ :7 (Sequencing Analysis 
Ver. 3.0) X t> A?tff U ^ U ^ Fn7iD/7A^#fc„ H 18 i^CO^jR-^ 
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(1) *MS-TS»tt^RNA3jfy^7— ^Ofg^ttktfeLT, 3' 

(2) IfttSiRNAjKy * 7— if 05?^ u^}-^ KIS^^fiq3(c#aEi-'5^>^< £ 
WLCD RNA/K!J^7 — if o 

(4) imiRNA^U >< 7— if(7)^^ K*£^&ft^{£#;£-f £ 

7-if 0 

(7) 3' ^dp^y u^-^ K*fett^rti5>©»l^tziAti-55i9ii^ 
l^Tti^ 1 JS(-f2i6<50RN A*? y p< 7— if„ 

(8) T 7 77-A T 3 77 v\ S P 6 7 7 ^, K 1 1 7 7 -^6*t 
5ff3^JS 1 ~ 7 Oi,vftu)> 1 rKwtaftWRNA^y p« 7— if c 
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(9) T 77r-^^RNA^^7"fW7 ^ 7 64 1-667 iC^i" 

(10) flfgffi^tL^^^ifttMRNATKy * 7— t?dS» BUte^^CDT 5; /^COg 

(11) T 7 77-^S50RNA^!J ^ 7-f T'ifecT, 7^HSS6 4 4 
*fc*±6 6 7 (d&i^T^n f^Sr^pf 5 RNA^'J^ 7 — if c 

(12) T 7 7 7 - i^S *<7) R N y > 7 - i!'^ 7 5 7 1^1 6 4 4 St>' 6 6 

NA/KU 7— t? D 

(1 3) mtlT 7RNA/fU ^ 7-if<7)6 4 4#@07; J m^^? ^ =. ?VT 

7^>^ni/yCI^^tifc-iMit5RNA^!J 7— tf e 

(14) Sft4MT 7RNA/f !J *7 — If (7) 6 6 7#g(75T5 7 g$ ?£S 7 31 — /UT 

^^^tfs^n S/^dB&^Hfcr £ M^f^RNA^y 7 7— fef 0 

(1 5) 7 RNA/ify ;>< 7-f0 6 6 5#g<7)T ^ 7 n >f ~>Wj> 

y ^{igift^tb-c^aitjRJSi 3xii 1 4 iaet©RNA^y * 7— 1? = 

(16) ffftlT 7 RNA/Ky p< 7— tf CO 6 4 4#@<7)T 5 ^=./UT 
7 — V/j^n^i/^g^^ 7)>-o6 6 7f|©7 ^ /Kl7x^/V77-> 
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NA^y *=7—M a 

(2 0) Kl 177~^4*©RNA^!J^7-ifTfcoT, 7^7 1£^£ 664 
—669 <DF^^/ci(i6 9 0 (Ifc^Tf n -»^tt2> RN A^U ^— if = 
(2 1) K 1 1 77- ^SORNA^U ^ 5 /g^l 664—669 (7) 

Pfl*fcfci:6 9 0^(7>7 5 *P A (b K^ri" SfftsfciS 2 

0 (31f[l^cc7) RNA/KU ^ 7 — if o 

(2 2) S P 6 77-^**©RNA^!i ^ T ^ 7 6 
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(23) SP677~v ! i*©RNA^!j^7-if^7? 6 3 3 — 6 

2 2 i^feicCD RNAjK!J^7 —if 0 
(2 4) ft*rl 1 — 18 (7n>-f 1 rl{d|2gi(DR N Art V ^ -y— if<£v>& < t 
t>— £&£=! — Kt6^y7 ? Ko 

(2 5) IS^JSl —24 <DV^-Ttb7)^ 1 JS{cfSgj(DRN A/K y * =7— if SrSSit-^S 
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